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Description 

Background of the invention 

5 1. RELD OF THE INVENTION 

This Invention relates to the application of new nitroxides in the controlled free radical polymerization of a themio- 
plastic resin or resins. More particularly, the invention relates to a controlled free radical polymerization process wherein 
piperazinone and morphotone based nitroxides as well as their adducts are used to provide styrene and (m6th)acrytate 
10 homopolymers and block copolymer resin products characterized by high monomer to polymer conversion and pos- 
sessing narrow polydispersity properties. 

2, DESCRIPTION OF THE PRIOR ART 

IS Stable Free Radical Polymerization (SFRP} .refers to a free radical polymeiizatipn in the pres^ence of a stable free 
radical such as a nitr oxide. The nitroxide trapsxarbon^entered radicals to form adducts. The trapping is reversal e biA 
the equilibrium is such that most (99%) polymer chains are dormant and only a very small fraction is dissociated. Thus, . 
the concentration of free radicals is effectively lowered at all times in the polymerization as shown below, wfieurein . 
represents the growing polymer radical,- •ON represents the nitroxide, and M represents a monomer. 

P„-ON =^ ?„• + -ON 

2s propagation 

M 

K 1 

30 ^n+1 

-ON - Pn+i* 4- •ON 

This in turn affects propagation and transfer rates but has an es^en greater effect on termihktidn, siric^ the isftti^r is sec- 
ond order in radical concentration. 

35 Thus, stable tree radical polymerization minimizes chain termination reactions, while improving molecular weight 
and polymer architecture control. On the other hand, ttie SFRP technology slows down the polynierizatibn process. 

In United States Letters Patent No. 5.41 2,047. issued May 2, 1995 to Georges, et aL. processes fbr the preparation 
of homopolymers of (nieth)acrytic monomers and copolymers containing (meth)acrylate segments by nitroxkie r^edi- 
ated polymerization are shown. The polymerization process comprises heating a mixture of a free radic^ ihitiator ^ 

40 an oxo-nitroxide. specifically 4-oxo-TEMPO (4-oxo-2,2,6,6-tetramethyl-1 -piperidinyloxy), as a stable free radfp'atijerit, 
at least one pdymenzable (meth)acrylate monomer compound, and optionaHy a solverrt, to form a hprnpf^lymeric 
(meth)acrytate containing thermoplastic resin or resins with a high monomer to polymer conversion and a rianow poly- 
dispersity 

Examples of other stable free radical compounds sakj to be suitable for use in the '047 Patent include: 2.2,6.6- 
45 tetramettiyl-1 -ppecdmytoxy free radical (TEMPO); 4-hydroxy-2,2,6.6-tetramethyl-1 -piperidinyloxy free radical; 2,2,5,5- 
tetramethyl-1 -pynolidinytoxy; 3-carbQxy-2,2,5,5-tetramethyl-1 pyrrolidinyloxy; and drtert-butyl nitroxide. As noted in the 
•047 Patent ttxxjgh. surprisingly and unexpectedly, the aforementioned stable free radical compounds, and related 
derivatives, wtile said to be quite satisfactory for the purpose of moderating the polymerization of a wide variety of dif- 
ferent monomer types and comonomers, are completely ineffective when used in homopolymerizations of (metii}acr- 
so ylate monomers. That is to say, no homopolymeric product formation could be detected by GPC when a mixture of n- 
butyl acrylate. a free radical initiator such as benzoyl peroxide or AIBN. and a stable free radical compound of the type 
listed in the t)47 Patent were heated for about 10 hours at about 140*'C. 

A solution to the problem of forming (meth)acrylate copolymers and copolymers was said to be achieved in the *047 
Patent by substituting, for example, the carbonyl containing stable free radical 4-oxo-2.2,6,6-tetramethyl-1-piperidiny- 
ss loxy (4-oxo-TEMPO) in place of the aforementioned ineffective stable free radical compounds. However. 4-oxo-TEMPO 
is not a stat)le free radical when heated above 100**C in the presence of carbon radicals. Under these conditions it is 
known by those skilled in the art that 4-oxo-TEMPO decomposes rapidly to phorone and other non-radical compounds 
as set out in Votodarsky, LB. et al.. "Synthetic Chemistry of Stable Nitroxides", p. 50 (ORG Press 1993) and >(bshioka. 
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T.. Higa Shida. S.. Morimura. S.. and Murayama, K.. 44 Bull. Chem. Soc. Jpn.. Volume 44. pp. 2207-2210 (1971). 
All nitroxides based on TEMPO and its derivatives and used by the inventors of the '047 Patent, including 4-oxo- 

TEMPO, are proWenratic. particularly when used in the synthesis of (meth)aaylate homopolymers, styrene-n-butyl acr- 
- ylate block copotymers. and n-butyl acrylate-styrene block copolymers, in that the polymers can not be synthesized in 
5 a controlled fashion with high yields. Further, these nitroxides are undesirable for various practical reasons - that is. the 

nitroxides cannot be synthetically modtfied easily Nor do the nitroxides have a long shelf-IHe. 

Thus, there remains a need for a controlled free radical polymerization process, which can be used to simply and 

economically synthesize high yields of (meth)acrylate homopolymers as well as styrene- n-butyl acrylate or n-butylacr- 

ylate-styrene block copolymerc. In this regard, a need also exists for a stable free radical nitroxide for use in the polym- 
10 erization process, which can be easily synthesized and stored over long periods of time. 

Incorooratio n bv Reference 

U.S. Patent Nos. 5.412.047. 4.914.232. 4.466.915. 5,401 .804. and 4.581 .429 are incorporated by reference herein 
IS as tackground information witii respect to the present invention. 

Brief Summary of the Invention 

We have discovered that piperazinone and morpholone based nrtroxides as well as their adducts can be used in 
20 the (me«i)acrylate polymerization processes of tiie '047 Patent with unexpectedly high efficiencies. These niti-oxides 
are advantageous in that they are easily syrthesized. particularly wrth regard to tailoring tiie nitroxide sfructure to 
improve reaction rates, introduce functionality, and tailor solubility. Further, these nitroxides have an improved sheH-life 
stability, since they are highly crystalline and can be stored indefinitely at room temperature or higher 

In addition, these nitroxides. quite unexpectedly, can be used to efficiently make high yields of styrene-n-butyl acr- 
25 ylate or n-butyl acrylate-styrene block copolymers vntfi narrow polydisperstties (1 .0-3.0) simply and economically, while 
controlling both molecular weight and composition. Indeed, when used in tiie preparation of these styrene-Wock-acr- 
ylate copolymers, high yields of styrene or (meth)acrylate prepolymer are obtained in the first step of ttie polymerization 
process, tinus enabling high yields of the styrene-block-(meth)acrylate copolymers in the second step of the polymen- 

zation process. « b m coooqio 

30 Block copolymeis made in the presence of stable free radicals have been claimed in U:S. Patent Nos. 5.322.91Z. 
5.401 .804. 5.449.998 and 5.545.504 but have only been reduced to practice for a styrene-styrene sulfonate diblock 
copolymer. We have found that (metii)acrylate containing block copolymers cannot be made using the niti-oxides 
claimed in the aforementioned patents. 

In addition, use of our nitroxides for styrene or (meth)aCTylate homopolymerization showed a distinct rate advan- 
35 tage over TEMPO and its derivatives. . . 

The present invention, then, provides an improvement in the process for the stable free radical polymenzation by 
using new nitroxides to make homopolymers of (meth)aaylate monomers and copolymers containing (meth)acrylate 
segments by nitroxide mediated polymerization. 

According to a first aspect of the invention, a free radical polymerization process for the preparation of a thermo- 
40 plastic resin or resins is disclosed, which comprises heating from about SO-C to about 1 eo^C a mixture of a free radical 
initiator, at least ohepolymerizaUe monomer conpound. and a stable free radical agent comprising a nHroxyl radical to 
form the thermoplastic resin or resins having a polydispersity from about 1 .0 to about 3.0. TTie niflxjxyl radical has the 
fdkiwing fomiula: 



45 



SO 



wherein X is CHa or C=0. Y is O or N-R. R. Ri. R2. R3, and R4 are independently selected from the group consisting 
of aryl. alkyl having from 1 to about 24 carbon atoms, cycloalkyi having from 5 to about 7 carbon atoms, aralkyi having 
55 from 7 to about 20 carbon atoms, cyanoalkyi having from 2 to about 12 carbon atoms, ettier having from 4 to about 18 
carbon atoms, and tydroxyalkyl having from 1 to about 18 cartaon atoms; and 

Ri and R2 tiagether. or R3 and R4 together, or each pair, may be cyclized forming a ring having from about 5 to 
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about 14 cartx>n atoms. 

According to a second aspect of the present invention, a free radical polymerization process for the preparation of 
a them(iq)lastic r^in or resins is disclosed, which oonhprises heating from alDOUt SO^'C to about IGO'^C a mixture, of at 
5 least one potyrtierizable monomer compound, and a preformed nitroxide adduct to form the thermoplastic resin or res- 
ins. The preformed nitroxide adduct has the following formula: 
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15 

wherein X is CH2 or C=0. Y Is O or N-R. R. Ri. R2. R3. R4. and R5 are independently selected from the group consisting 
of aryl. alky! having from 1 to about 24 carbon atoms, cydoalkyl having from 5 to about 7 carbon atomsi, ar^dkyl having 
from 7 to about 20 carbon atoms, cyanoalkyi having from 2 to about 12 carbon atoms, ether having from 4 to about 18 
carbon atoms, aha hirdroxyalkyi he^'mg from 1 to about 1 8 oartjon atoms; and 

R) and R2 together, or R3 and R4 together, or each pair, may be cyclized forming a ring having from^out 5 to 
about 14^icaVB6ii afolrfer" ' ^ ^ . • . ; 

According to a third aspect^ of the invention; a free radicail polymerization process for the preparation of a(meth)acr- 
25 ylate containirig bloBc^cbpblyifie^ closed: In the first step, a first mixture of either (1) a free radical initiator; a first 
pdymerizable mohoifieY cdm and a stable free Iradical^agent comprising the nitroxide radjc^ having the formula 
disclosed ab6Vero^(2) a first^blyr^^^^ 

disclosed afc)6ve is heatai from ab to about 1 60?C td fomi a prepolymer. In the^econd^step, a second mixture 

containing the prepolymer and the second polymerizable compound is heated from about 80^C to about 60''C, tiie sec- 
30 ond polymeri^aU^ nrv>h6mei^ 0)0^^ being differentthanthefirstpolymereabletmonomer^ 

One advantage^^W^^^ in the controlled free radical polymerization 

of a thermb^iatitic r^ih br-res}ns^<^^ particularly with regard, tp tailoring Ihe nitro^dde structure 

to improve reaction rates, introduce functionality, tailor solubility, etc. ' : >: . - 

Anotiier advantage of tiie present ihventibh is that a new riiti-oxide useful in ttie controlled radical polymerization of 
35 a thermoplastic resin or resins has an improved shelf-life stability. The new nitroxides are highly crystalline and can be 
stored indetinit^ry iat room temperature (or fiigher), which cannot be said for TEMPO and its derivatives. 

Still another ad\arttage of the present ihventibn is that a controlled radical polymeriziation process is dtedosed 
wherein styrene can be polymerized at a faster rate. 

Still another advantage of tiie present invention is that a controlled free radical polymerization process is disclosed 
40 wherein highei^cSnVereibns in ^^^^ ' r >: ^ o - . - 

Still andtheir sujva of theipre^eht InVehtion is^that 6tyrene43lock^cryJate copolymers canine syntiiesized using ; , 
a controlled 'free! faaicai^polymefe wherein ^high yields of a ^^ene or. (meth)acf^ylate prepolymer are 

obtained in the first step of the polymerization process, tiius enabling high yields of the styrene-block-(meth)acrytate 
copolymers in tiie second step of tfie polymerization process! 
45 Still anotiier advantage of the present invention is that a controlled radical jDolymerization process is disclosed 
wherein styrene-nBA block copolymers can be simply and economically synttiesized. 

Still anotiier advantage of tiie present invention is tiiat a controlled radical polymerization process is disclosed 
wherein nBA-styrene block copolymers can be simply and economically synthesized. 

Still other benefits and advantages of the invention will become apparent to those skilled in the art upon a reading 
so and understanding of the following detailed specification. 

Detailed Description of the Preferred Embodiment 

The present invention provides (meth)acrylate polymerization processes for preparing (meth)acrylat6 containing 
55 polymeric resins; with well-delf ined molecular weight properties and narrow polydispersities. 

The processes can be mn as batch, semi-continuous or continuous processes. The polymerization process for tiie 
preparation of (meth)acrylate containing resins is initiated using a classical free radical initiator in the presence of a 
slight excess of free nitrodde and comprises heating a mixture comprised of a free radical initiator, a stable free radical . 
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aaent at least one polymerizable (meth)acrytate monomer compound, and optionally a solvent, to form a (meth)aar- 
ytete coittaining resin with a high monomer to polymer com^ersion and a narrow polydispersity. As used in the present 
specification, the temiinoiogy -(meth)acry«ate containing" means that about 5 to 1 00 wt% o1 the total monomer pdym- 
- Sized is a (meth)acrylate type monomer and that the (meth)acrylate monomer is polymerized in the presence of the 
5 Stable free radical conpound or nitroxide containing prepolymers. i 

Suitable for use as free radical initiators in the processes of the present invention include any conventional free rad- 
ical initiators known in the art These initiators can include oxygen, hydroperoxides, peresteis. p^cartjonates, p^fflc- 
ides persulfates and azo initiators. Specific examples of some suitable initiators include hydro^n peroxide, /-bjjyl 
hyd^peroxide. dttertiary butyl peroxide, tertiary-amyl hydroperoxide, dibenzoyi peroxide (AIBN). Po^ssuim persulfate^ 
to and methylethyl ketone peroxide. The inWators are normally used in amounts of fro^^^^about 0.01% ^o bas«f 
on the weigwitotal polymerizable monomer.Apreferred range is from about 0.05% to about 2% by weight of the 

'^'^S^nW^rH^y also be used in the practice of the present invention and include sodium bisulfite, sodium 
sulfite, isoascorbic add. sodium lormaldehyde-sulfoxylate. and the like, used with suitable oxidizing agents su* as ttie 

IS thermal initiators noted above. If used, the redox initiators may be used in amounts of 0.001% to 5%. based on the 
weight of total monomer. Apreferred range is from about 0.01% to about 3% by weight of total polymerizable monomer. 

The stable free radical selected for use in the present invention are piperazinone and morpholone based nitroxides 
and their adducts. These nitroxides are critical to the success of the stable free radical polymerizaton process dis- 
closed in the present invention. For example, controlled nitroxide mediated polymerization of n-butyl acrylate has nrt 

20 been reported in the prior art. The process desaibed in the W Patent, wherein TEMPO and its der^rahves are used 
as the nitroxide stable free radical agent, can only be controlled at very low conversions - that is, less than 1^. ^ 
In particular, the piperazinonyl nitroxides compare favorably to 4-oxo-TEMPO in the homopolymerization n*^^ 
acrylatrindeed. a comparison of our iBu nitroxide (TABLE I) and our C7 nitroxide (TABLE 0 versus 4-oxo-TEMPO in a 
high temperature polymerization demonstrates large differences in the obtained yields and molecular weights as shown 

25 in Exanmles 13 and 14 and Comparative Example 2. . u i 

The synthesis of the piperazinone based nitroxides is shown below in Equation (1). An alternative morpholone 
based nrtroxide. is shown in reaction (2). which uses a much more readily available amino alcohol starting material. The 
nitroxides are obtained in high yields by either method. 
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. . pipierazinone based nitroxides and 

.pholone based nitroxides obtained and used in the 
praptice of the present invention, including their 
abbreviations, are listed below in TABLE I. The 
nomenclature adopted reflects the nature of the 
substituents introduced via the ketone. 
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TABLE I 



5 


NITROXIDE 
STRUCTORE 


ABBREVIATION 


NITROXIDE 
STRUCTURE 


ABBREVIATION 






Dimethyl 




iBu 


10 
IS 


• 

o 

t 


(1-tertbutyl- 
3,3,5,5- 
tetramethyl-2- 
piperazinone - 
oxide) 


• 

o 

J. \ 


(3-isobutyl-l- 
isopropyl -3,5,5- 1 
trimethyl-2- 
piperaz inone- || 
oxide) 1 






Phenyl 




C5 


20 


A 


(l-isopropyl-3- 
phenyl-3 ,5,5- 
trimethyl-2- 
p ipe r a z inone - 
oxide) 


N O 


(3,3- 

tetramethylene- 1 
5, 5 -dimethyl- 1- 
isopropyl-2- 
p ipe r a z inone - 
oxide) 1 


25 






30 




C6 




C7 


35 




(3,3- 

pent ame thy 1 ene - 
5, 5-dimethyl-l- 
isopropyl-2- 
piper azinone - 
oxide) 




(3,3- 

hexamethylene- 1 
5, 5 -dimethyl -1- 1 
isopropyl -2- | 
piperazinone- 1 
oxide ) 1 


40 












diMe Morpholone 




C6 Morpholone 1 


45 
SO 


• 

0 


(3,3,5,5- 
tetramethyl-2- 
morpholone- 
oxide) 




(3,3- 

pentamethylene- 1 
5, 5 -dimethyl -2 - 
moirpholone" 11 
oxide) j 



55 
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NITROXXpS 
STRUCTDRB 


ABBRBVIATIQN 


NITROXIDB 
STRUCTUKB 


ABBREVIATION 


5 




C7 Morpholone 




Dicyclohexyl 


10 


• 


(3,3- 

hexamethylene - 
5, 5 -dimethyl -2- 
morpholone 
oxide) 


\J \^ 
1 


(bis-3, 3,5,5- 
pentamethylene - 
2,6- 

piperazinone- 
dione- oxide) 


15 








• 



One class of carboxyiic acid or acrylic monomers surtable for use in the present invention are C3-C6 monoethylen- 
so Ically unsaturated mohbcateoxylic acids, and the alkaline metal and ammonium salts thereof. The C3-C6 monoethylen- 
ically unsaturatedrmonbc^bxylic adds include acrylic acid, methacrylic acid, crotonic acid, vinyl acedic acid, and 
acryloxypropionic add. Actyiic add and methacrylic add ai-e the preferred monoethylenlcally unsaturated monocar1x)x- 
ylic add monomers. 

Another dasslof carboxyiic acid monomers suitable for use in the present invention are C4-C6 monoethylenically 
25 unsaturated dicartioxylic adds and the alkaline metal and ammonium salts thereof, and the anhydrides of the cIs dicar- 
boxylic acids. Suitable examples indude maleic acid, maleic anhydride, itaconic acid, mesaconicadd. fumaric acid, and 
citraconic acid. Meileic anhydride and Itaconic acid are preferred monoethylenically unsaturated dicarboxylic add mon- 
omers. 

The acid monomers useful in this invention may be in thar acid fonns or in the form of the alkaline metal or ammo- 
30 nlum salts of the apid Suitable bases useful for neutralizing the monomer adds indudes sodium hydroxide, ammonium 
hydroxide, potassium hydroxide, and the lil«i The acid monomers may be neutralized to a leveliof from 0 to 50% and 
preferably from 0 j|o about 20%. More preferably, the carboxyiic add monomers are used in thp completely neutralized 

form. - :••.=• --vr: • ' . - 

In addition, up to 1 00% by weight of the total polymerizable monomers may be monoethylenically unsaturated car- 
35 boxylic add-free monomer^; TypkSjMHqethylehically unsaturiated cartx)xync acid-free monomers suitable for use in 
the invention indude alkyi esters'of acrylic or methacrylic adds such as methyl acrytate,; ethyl acrylate. tiutyl acrylate; 
hydroxyalM esters of acrylic or methacrylic add such as hydroxyethyl acrylate, hydroxypropyl acrylate. hydroxyethyl 
methacrylate. and hydroxypropyl methacrylate; acrylamide, methacrylamide. N-tertiary butylacrylamide. N-methylacry- 
lamide. N.N-dim^thyl acrylamide; acrylonitrile, methacrylonitrile. dimethylaminoethyl acrylate. dimethylaminoethyl 
40 methacrylate. phbsphoethyl methacrylate. N vinyl pyrrolidone. N-vinylformamide, N-vinylimidazo!e. vinyl acetate, sty- 
rene, hydroxylated^styrene, styrenesulfonic acid and salts thereof, vinytsulfonic acid and salts thereof, and 2-acryla- 
mldo-2-methylprbpanesulfonic acid and salts thereof. 

Other suitable comonomers include acrylamides. alkyI and aryl amide derivatives thereof, and quaternized alkyI 
and aryl acrylamide derivatives. 
45 Monomers, polymers and copolymers of the present invention can, in emlpodiments. be separated from one 
another or from the polymerizaiipn Wction mixture ^^^^ for example, changing the pH of ihereactfon media;and other 
well-known conventional separation techniques. 

In the (meth)kcrylate polymerization of the present inverition. reactions can be supplemented with a solvent or co- 
solvent to help insure that the reaction mixture remains a homogeneous single phase throughout the monomer conver- 
se sion. However, in the preferred embodiment, the (meth)acrylate polymerization reactions are canied out in the absence 

ofasolvent , . 1 u. 

Exemplary solvent or co-solvents useful In the present invention indude compatil)le aliphatic alcohols, glycols, 
ethers, glycol ethers; pyrrolidones. N-alkyI pyrrolidones. N-alkyI pyn-olidones. polyethylene glycols, polypropylene gly- 
cols amides, carboxyiic adds and salts thereof, esters, organosulfides. sulfoxides, sulfones. alcohol derivatives. 
65 hydroxyether derivatives such as CARBITOL® or CELLOSOLVE®. amino alcohols, ketones, and the like, derivative 
thereof, and mixtures thereof. Specific examples indude ethylene glycol, propylene glycol, diethylene glycol, glycerine, 
dipropylene glycol, tetrahydrofuran. and the like, and mixtures thereof. When mixtures of water and water soluble or 
misdble organic liquids are selected as the reaction media, the water to co-solvent weight ratio typically ranges from 
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about 1 00:0 to about 1 0:90, and preferably from about 97:3 to about 25:75, 

Temperature of the polymerization may range from about 80°C to about 160«C. preferably from about IIO'^C to 
about 130*»C. At tenperatures above about ISC^C. conversion of the monomer into polymer decreases and uncertain 
and undesirable byi)roducts are fonned. Frequently, these by-products discolor the polymer mixture and may necessi- 
tate a purification step to remove them or they n\ay be intractable. 

Since solvent and co-solvent admixtures can be used as the reaction media, the elevated temperatures of the 
polymerization require that the polymerization reactor be equipped to operate at elevated pressure, in general it is pre- 
ferred to conduct the polymerization at from about 10 to about 2000 lbs, per square inch (psi). and more preferably at 
from about 50 to about 1000 (psi). 

Additives such as (a) camphorsulphonic acid (CSA). or (b) 2-fluoro-1 -methyl pyridinium p-toluene sulfonate 
(FMPTS) having the chemical formulations shown below, can be added to the polymerization mixture to significantly 
increase the rate of polymerization. These additives and their usefulness in a stable free radical polymerization process 
are discussed in detail in E.P. 735.052. the disclosure of which is incorporated herein by reference. 



a) 



b) 




Batch or metered addition of CSA to (meth)acrylate polymerizations with our nitroxides further enhances the monomer 
conversion. The polymers obtained from these acid accelerated polymerizations can be chain-extended with styrene to 
form block copolymers. 

The molar ratio of rutroxide agent to free radical initiator is from about 1 :1 to 10:1 . The molar ratio of nitroxide agent 
to free radical initiator is preferably from about 1 .3:1 to 1 ,7:1 . 

The influence of the ratio of initiator to stable free radical is significant in the polymerization of n-butyl acrylate when 
AIBN is used as the initiator. First-order plots of polymerization conducted in the presence of AIBN and the C7 nitroxide 
at 130°C show that at a 1:1.6 ratio, the first-order plot becomes mae linear. Below this ratio, an exotherm is often 
observed, the molecular weight does not increase with conversion, and the polydispersity is broad. Above this ratio 
molecular weight increases with inaeasing conversion. The exact stoichiometry is extremely important: 1:1.60 often 
gives an exotherm, whereas 1 :1.70 gives a slow but controlled polymerization. The slightest experimental en-or or the 
presence of small amounts of impurities, then, can give widely varying results. 

When benzoyl peroxide (BPO) is used as the initiator as opposed to AIBN. the polymerizations are insensitive 
toward the ratio of initiator to stable free radical. In general, broader polydispersities (>2) are also observed. 

The processes of the present invention provide, in embodiments, a conversion rate or degree of polymerization as 
high as 95% by weight 

The processes of the present invention weight average molecular weights ranging from about 500 to about 200,000 
and more preferably from about 2000 to about 100^000 while maintaining narrow polydispersity. 

Applications of (meth)acrylate block copolymers or styrene block copolymers or styrene or (meth)acrylate 
homopolymers can include toner compositions, adhesives, cellulosic fiber binders, compatibilizers for thermoplastic 
blends, emulsifiers. thickeners, processing aids for thermoplastic resins, pigment dispersants. coatings, asphalt modifi- 
ers, molded articles, sheet molding compounds, and imjlkct modifiers. 

The present invention will now be described in greater detail in the following exanples. 

The styrene and n-butyl acrylate used in each of the foregoing examples were obtained from Aldrich. The inhibitors 
were removed using f-butyt catechol and hydroquinone inhibitor remover (Aldrich). Reaction samples were diluted with 
either THF or CH2CI2 for GC analysis, which was done on a HP5890 GC with a HP-1 column and thermal conductivity 
detector running at a constant 150^*0 oven temperature. The internal reference used was ortho-dichlorobenzene. GPC 
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samples were evaporated by air drying and dried overnight at 60*C in a vacuum oven. Molecular weigWs reported.in 
the exanples were deternrtined by GPC in THF.versis polystyrene st£^ 

As used iW the'^ examples. refers to the number average molecular weight. refers to the weight average 
molecular weight. Mp refers to peak molecular v^reighti and PDI, the polydispersity ratio, is the ratio of the weight aver- 
5 age molecular weight to the number average molecular weight. 

EXAMPLE 1 

N-tertbutyl-2-methyH ,2-propanediamine (0.1 mol). chloroform (0.15 mol). acetone (0.2 md), Aliguat33§ tricapry- 
10 lylmethylammbniiiHi cMoride (0.003 moO. and 100 mL toluene were mixed and cooled to 10*G under-nitrpgen atmos- 
phere. Solid sodium^hydroxide beads (0.5 mol) were added in 30 minutes to keep the temperature belpyv^cy»G;:.After . 
the addition arid Wee hours stimng at 15-20*C, the reaction was filtered, dried over sa3ium.sulfateiu:id .concentrated, 
to afford greater than 90% yield of product, which was about 95% pure tff gas chromatqgraph. The solidified product 
was recrystallized from hexanes to afford an analytically pure sample. 
15 The amine was oxidized in the conventional manner to the corresponding dimethyl nitroxide by following proce- 
dures known by those skilled in the art and descail>ed in the reference Rozantzev. E. Q.. "Free Nitroxyl Radicals" (Ple- 
num Press 1970). 

EXAMPLE 2 

20 

Example 1 was repeated under identical conditions, with the exception that 4-methyl-2-pentanone was 6ul)6tituted 
for the acetone to give the iBu nitroxide. 

EXAMPLE 3 

Example 1 was repeated under identical conditions, with the exception that acetophenone was substituted for the 
acetone to give the phenyl nitroxide. 

EXAMPLE 4 

30 

Example 1 was repeated under identical conditions with the exception that cycfopentanone was substituted for the 
acetone to give the C&'rt^^ 

EXAMPLES 

35 

Example 1 was repeated under identical conditions with the exception that cyclohexanone was substituted for the 
acetone to give the'@6 hitr(»ide: 

EXAMPLES 

40 - ' •■ ' ' ' ■= ' ' -i. • 

Example 1 was repeated under Identical condltioris with the exception that cycfoheptanone was substituted:fq.r the . 
acetone to give the C7riitr6)dde^ - » ^ ^ 

EXAMPLE? ' 

2-Amino-2-iTiethyl-i^prbpanoI (17.8 g, 0;2 rtiol), chlorofonn (35;B g. O.a mol), cydoheptanone (45.1 g, 0.4 moOi Ali- 
quat 336 (3.23 g. 0.008 mol), and 120 mL toluene were mixed under nitrogen at 10**C. Sodium hydroxkJe beads (40.0 
g. 0.5 mol) were addecf In 30 rtiifiutes to kedp the temperature below 20*»C. After stirring at 15"20**G for another 2 hours 
and 45 minutes, the reaction was filtered and rinsed with a small amount of toluene. The solid was e)(tracted with 2X100 

so mL methanblVThe cbWblned methanoi solutions were concentrated to afford^l g of the carboxylate intermediate. The 
white solid vias"Vefl(Jxed with 80 ml concentrated hydrochloric acid in air for 10 hours. It was then cooled to about 75*»C 
and 150 mL toluene was then added. The excess acid and water were removed with a Dean-Stark trap. The toluene 
solution was concentrated and distilled to 185-195*»C at 14 mmHg to afford 35 g 3.3-hexamethylene-5,6-dimethyl-2- 
oxomorphoRne as a clear yellow oil, which was used to make the nitroxide. 

ss The amine was oxidized in the conventional manner referenced in Example 1 to give the C7 morphojone nitroxide. 
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dropwise in 1 hour. The addition funnel was replaced with a distillation column and f-butyl alcohol-water was distilled 
over slowly in 15 hours. The reaction content was dried over sodium sulfate and concentrated to a dark oil, which solid- 
ified on standing. The solid was recrystallized from hexanes to obtain bage-colored crystals (155 g). 



EXAMPLE 16 

The styrene prepolymer end-capped with the C6 nifroxide formed in Example 10 (2g), n-butyl acrylate (5g). and 
DMSO (5 mL) were charged into a glass reactor of the type described in Example I. purged thoroughly with argon for 
15 minutes, and then lowered into an oil bath preheated to 80°C. The prepolymer had a M„ equal to 12,678, equal 
to 1 8 1 00 and a molecular weight distribution of 1 ,4. The polymerization was carried out for 6 hours. Samples were with- 
drawn with time to monitor the progress of the reaction. The polymer solution was diluted with THF and precipitated into 
a ten times excess of methanol. The polymer was filtered and dried under vacuum overnight. 

The molecular weight data for the final polymer obtained after precipitation into methanol was M„ equal to 18,524. 

equal to 51 ,899. with a molecular weight distribution of 1.4. An increased AM^of 33.799 was obtained on formation 
of tiie block copolymer. Analysis of GC and NMR results indicated between 70-72% conversion of n-butyl acrylate. The 
molar incorporation of n-butyl acrylate in the diblock copolymer was found to be approximately 46%. 



EXAMPLE 17 

Exanple 16 was repeated under kJentical conditions, with the exception that after the low temperature initiation of 
80°C was used for 1 hour, tfie polymerization temperature was increased to lOO^C. The polymerization temperature in 
the flask, however, did not increase beyond 90*^0. A yield of 6 grams of diblock copolymer was obtained corresponding 
to approximately 90% conversion of n-butyl aaylate. The molecular weight data for tiie diblock copolymer was equal 
to 35.353. M,^ equal to 90.288. with a molecular weight distribution of 2.55. An increase in AM^ of 72,188 was obtained 
on formation of the block copolymer. NMR analysis indicated approximately 63% molar incorporation of n-butyl acr- 
ylate, corresponding to approximately 100% conversion of n-butyl acrylate. 



EXAMPLE 18 

30 Example 16 was repeated under identical conditions with the exception ttiat after the low polymerization tempera- 
ture of 80*»C was used for 1 hour, the polymerization temperature was increased to 150*C. The actual reaction temper- 
ature was between 135-140*^0 for 6 hours. A yield of 4.3 grams was obtained, con-esponding to approximately 61% 
conversion of n-butyl acrylate. The molecular weight data for the diblock copolymer was 1^^ equal to 16.525. M ^^ equal 
to 40.251 . and PDI equal to 2.4. NMR indicated approximately 53% molar incorporation of n-butyl acrylate into the block 

35 copoiymer. An increase in M^ of 22.151 was obtained for the polymer after chain extension with n-butyl acrylate. 

EXAMPLE 19 

Example 10 was repeated under identical conditions with the exception that the C6 nitroxide was replaced witii the 
40 01 nitroxide of Example 6. The reaction was stopped at 52% conversion, the resultant prepolymer having M„ equal to 
10.735. equal to 1 3.221 , and PDI equal to 1 .23 

The prepolymer (2g) and n-butyl acrylate (1 0 ml) were charged into a glass reactor of the type described in Exam- 
ple 10, purged thoroughly with argon for 15 minutes, and then lowered into an oil bath preheated to 140°C. The prepol- 
ymer had an M„ equal to 10,735. M^ equal to 13.221. and a molecular weight disti-ibution of 1.23. The temperature 
45 inside the flask was at 130*C. The polymerization was canried out for approximately 23 hours. The polymer solution w^ 
diluted with THF and precipitated into a ten times excess of methanol. The polymer was filtered and dried under vacuum 
overnight. 

The molecular weight data for the final polymer obtained after precipitation into methanol was M^ equal to 20.720 
and M^ equal to 27,881 . with a PDI equal to 1 .34. Samples withdrawn from the reaction mixture indicated that the con- 
60 version increased witii time. 



EXAMPLE 20 

Example 19 was repeated under identical conditions. Samples were withdrawn over time and are characterized 
55 TABLE IL 
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EXAMPLES 

Example 7 was repeated under identical conditidhs with the exception that the cydoheptanone was replaced with 
acetone to give the diMe morpholone. 

5 

EXAMPLES 

Example 7 was repeated under identical conditions with the exception that cyclohexanone was substituted for the 
cydoheptanone to give the C6 morpholone. 
10 ' 
PXAMPLEtP 

Styrene (15g).^benzoyl peroxide (0.62 mmol. 0:1 50g),:and1he<» nitroxide (O-S mmol; 0.125g)>of:Exanple S.were : 
charged to a 150 rtiL cylindrical flask with a 4-head Tefl6n coated head equipped^with condenserrlJUbbler,^ 

15 bar and two septa pdrts^ The solution was purged thoroughly with argon for 15 minutes and then jower^ij^ an.oiLbatti,. 
preheated to ^WC. The polymerizatibh was Gsutied bi^^^ was luted iri lO.mL THF. 

and precipitated into a ten times excess of methanol. The polymer was filtered and dried under vacuum overnight A 
conversion of 67% (determined gravimetrically) and a yield of 9.9 grams of polystyrene was obtained with M„ equal to 
12, 678. Mp equal to 20. 044, M,^ equal to 18. 100 and PDI is 1 .42. 

20 -..rv'y'.S .- ' • . 

EXAMPLE 11 " 

Exanple 10 wais'r'^ated under identical conditions, with the exception that the dimethyl nitroxide of Example 1 
was substituied for the G6'nitroxide. A conversion of 50% (determined gravimetrically) and a yield of 7.5 grams of pol- 
25 ystyrene were bbia'ihed with M„ equal to 12.312, Mp equal to 15.661. equal to 14.989. and PDI equal to 1 .2. 

EXAMPLE 12 

Example 1 1 was repeated under identical conditions, with the exception that the phenyl nitroxide of Example 3 was 
30 substituted tor the dimethyl hitrdxide: A conversion of 54% (determined gravimetrically) and a yiejd of 8.1 grams of pol- 
ystyrene werfti«ained'withW 

COMPARATIVE^EXAMPLE I - : 

' • ■ • • ■ 

35 Example 10 was repeated under identical' conditions, with the exception that TEMPO was substituted for the C6 
nitroxide. A conversion of 35% (determined gravimetrically) and a yield of 5.2 grams of polystyrene were obtained with 
hA„ equal to 8.1 74. Mp equal to 11 ,130. M^ equal to 10,406, and PDI equal to 1.27. 

EXAMPLE 13 

7 mL Of n-txjtyl aaylate. 0.12 g of the isobutyl nitroxide of Example 2, and 0,074 g of: BPO were heated at ISO'^C 
for 24 hours/ A pdtyi^ having M„ equal to 6800 and PDI equal to 1 .32 was isolated jn a.4«% yieU. : „ 

EXAMPLE 14 

7 mL of Ti-bCiiyi aaylate^ 74 rng of BP0 and 0:130 g of the:G7 morpholone nitroxide of Example 7 were heated at 
130*»C for 28 hours. A polymer having M„ equal to 27.000 and PDI equal to 1 .71 was isolated in a 50% yield. 

COMPARATIVE EXAMPLE 2 

SO 

Exanrple 14 was repeated under identical conditions with the exception that 4-oxo TEMPO was substituted for the 
07 morpholone nitroxide. A polymer having bimodal distribution was obtained in a 1 5% yield with M„ equal to 3000. PDI 
equal to 2 06 

S5 EXAMPLE IS 

Tetramethyl morpholone (141.3g, 0.90 mole), molytxienum oxide (3.0 g) and ethylbenzene (720 mL) were mixed 
and heated to 110**C urkler N2 atmosphere. f-Butyl hydroperoxide (70% aq. solution, 249.1 g. 2.49 mole) was added 
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TABLE II 







SAMPLE 1 


SAMPLE 2 


SAMPLE 3 


5 




17,534 


19.555 


21.881 






21.192 


24,534 


28,006 




PDI 


1.29 


1.255 


1.28 


10 


Percentage Conversion 


29% 


48% 


50% 



EXAMPLE 21 

IS Example 10 was repeated under identical conditions with the exception that 45 mL styrene, 0.1 9 g of the dimethyl 
morpholone nitroxide of Example 8 and 0.206 g BPO were used. The reaction was slopped at 47% conversion, the 
resultant prepolymer having M„ = 18.500 equal to 26.800 and PDI equal to 1.45. 

The styrene prepolymer end capped with the DiMe morpholone nrtroxide {M„ = 18.500, M,^ = 26.800. PDI - 
(5g) and n-butyl aaylate (10 mL) were charged into a glass reactor of the type described in Example 10. purged thor- 
20 oughly with argon for 15 minutes and then lowered irrto an oil bath preheated to UO-C. The polymerization was earned 
out for approximately 22 hours. The polymer solution was diluted with THF and precipitated into a ten times excess of 
methanol. The polymer was filtered and dried under vacuum overnight The molecular weight data for the final polymer 
- obtained after precipitation into methanol is set out in TABLE 111. 



25 EXAMPLE 22 

Example 10 was repeated under identical conditions with the exception that 30 mL styrene. 0.36 g of the C7 mor- 
pholone nitroxide of Example 7 and 0.3 g of BPO were used. The reaction was stopped at 70% conversion, the resultant 
prepolymer having M„ equal to 14.800. M„ = 18.300. and PDI = 1 .24. ^ ^ 

30 Example 21 was then repeated under identical conditions, except that the styrene prepolymer end capped vnth the 
C7 morpholone nitroxide (M„ = 14.800. = 18.300. PDI = 1.24) was substituted for the prepolymer of Example^21 
and an additional 10 mL of n-butyl acrylate was used. The molecular weight data for the fmal polymer obtained after 
precipitation into methanol is set out in TABLE III. below. Fig. 1. a plot of molecular weight of the styrene-n-butyl aa- 
ylate block copolymer versus percent conversion, shows that molecular weight evolution with regard to conversion 

35 occurred in a linear fashion indicating a controlled free radical polymerization and a clean formaton of the Uo* coprt- 
ymer. Molecular weights were determined by GPC in THF versus polystyrene standards. Data pants were taken at 0. 
3, 6, 9 and 23 hours. 
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EXAMPLE 23 

Example 10 was repeated under identical conditions with the exception that the C6 nitroxide was replaced with the 
diMe morpholone nitroxide of Example 8. The reaction was stopped at 80% conversion, the resultant prepolymer hav- 
5 ing M„ equal to 12.900. My, = 19.100. and PDI equal to 1.24. 

Example 22 was then repeated under Identical conditions, except that the styrene prepolymer end capped with the 
diMe morpholone nitroxide (M^ = 14,800, M„,= 18.000. PDI « 1.47) was substituted for the prepolymer of Example 10 
and an additional 10 mL of h-butyl acrylate was used. The molecular weight data for the final polymer obteined after 
preqpttation into methanol is set out in TABLE III. below. 



TABLE III 



Example No. 


Polystyren e- 
ni^oxide (g. Mn.) 


n-butylacrylate 
(mL) 


M;,(diblock) Exp- 
tal 


M„(diblo*) Tar- 
geted 


Conversion 


PDI 


23 


Crdimethyl (lOg, 
12K) 


20 


22.400 


36.000 


65 


1.54 


21 


C-dim'ethyi 5g, 
i8K) 


10 


36,900 


51.600 


. 80 


1.7 : 


22 : - 






z—- !|34,50Q''. 






1.68 



PXAMPL^M a - . 

25 5 mL styrene. 1 16 mg BPO. and 1 74 mg of the dicyclohexy! nitroxide were heated at 130°C for 4 hours. A polymer 
was obtained in 66% yield with M„ = 6200. PDI ^ 1 .40. The synthesis procedure used for the dicyclohexyl nitroxide is 
known and is desb^Wi' with 0articulafrity1n Yoshiote Tv-Mori;^E;^andMura>^ma. K.. ''Synthesis and_-E§.R Spectral 
properties of Hnderkl Piperailhe Bulletin df the Chemical Society of.Japani:Vol; 45;,pp.: 1855:1 860; (1972), 

The styrene prepolymer end-capped with the dicyclohexyl nitroxide (Mh ^ 6200. POl is 1'40) (0.5 g) -was dissolved 

$0 in 3 mL of n-butyi abytate and heat tor 20 hours. A block copolymer having:M„ equal to 8400 and PPI equal ^ 

to1.34wasbbtaifiiea¥rt^^^^ ^ -ta 

EXAMPLE 2S 

35 A three heck, S mL roundbottom flask equipped with a mechanical stirrer, temperature probe, argon inlet and con- 
denser was &SrgSdSlwth '5 mL styrene, 1 mL ortho-dichlorobenzene and 0.36 g of the n4)utyl acrylate prepolymer 
obtained in Exanple 8 having an isobutyl nitroxide endgroup (M„ = 6800, PDI « 1.32). Argon was bubbled through the 
solution whae stining tof 1 hour and the reaction mixture was lowered into a preheated oil bath at 130"G, The reaction 
was can-led out overmght and was too viscous to sample for GC conversion. GPC analysis in THF showed a molecular 

40 weight Inaease lo a equal to 53,000, and PDI equal to 2.2. GPC analysis in trichlorobenzene showed only a very 
small amount of o-butyi acrylate prepolymer remaining, indicating that the prepolymer contained virtually no dead 
chains. 

EXAMPLE 26 

45 

A 100 mL reaction flask with a 45/50 joint was equipped with a reactor head and a stirtiar. Through the center joint 
of the reactor head a near-infrared probe was fitted with teflon tape (UPO instruments, model Insight IV f ber ojp/tic spec- 
trometer). The other joints were used for a condenser with bubbler. Argon inlet, temperature probe and sample port. 
The flask was charged with 54 g n-butyl acrylate, 0.95 g of the C7 morpholone niti-oxide of Example 7. 0.34 g AIBN and 

so 7.5 mL orthoKJichlorobenzene as the internal standard. A 25 mL syringe was filled with a 0.233 M solution of ti^if Fic acid 
in diethyl carbonate and fitted on a syringe pump. Through ttie sample port of the reactor, a syringe filled witti 0.20 M„ 
C7 morpholone nitroxide in diethyl carbonate was fitted. The mixture was heated at 1 30*»C and the reaction conversion 
was followed by GC and near infrared. Acid was metered in slowly until a rise in the reaction temperature, or inaease 
in conversion was noted. At this point 0.1 mL of tiie nitroxide solution was injected which slowed the polymerization 

55 instantaneously Addition of acid and nitroxide was continued while keeping the temperature of flie reactor below 
135*»C. At the end of the polymerization, a polymer was obtained In 91% yiekJ with M„ equal to 6300, PDI equal td4.3. 
This polymer was purified by precipitation from methanol to remove ariy impurities. 
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EXAMPLE 27 

Example 26 was repeated under identical conditions with the exc^ion that 198 mg of the isobutyl nitroxide of 
Example 2 was substituted for the C7 morpholone nitroxide. A polymer having M„ equal to 81.900 and PDI equal to 
2.07 was obtained in. 82% yield. 



EXAMPLE 28 

The prepdymer of Example 27 (1 g) was heated in 5 ml of styrene with 0.5 mL of orlho^ichiorobenzene as an 
internal standard. After 16 hourc at 130°C a polymer having M„ equal to 164.000 and PDI equal to 2.50 was isolated. 
GPC analysis in trichlorobenzene showed no trace of the starting prepolymer indicating that the acrylate-styrene block 
copolymer had formed completely. 



EXAMPLE 29 



5 mL of n-butyl acrylate and 48 mg of the adduct of ethylbenzene and dimethyl morpholone nitroxide famed in 
Example 15 were heated at 130X for 40 hours. A polymer having M„ equal to 13.900 and PDI equal to 1.8 was 
obtained in 77% yield. 



EXAMPLE 30 

Styrene (2.5 g). AIBN (0.11 g) and the C7 morpholone of Example 7 (0.24 g) were heated at 130°C for 4 hours. The 
prepolymer obtained in a 40% yield by precipitating the reaction in methanol had M„ equal to 940 and a PDI equal to 
1 12 

The prepolymer (1 g) was then heated in f-butyl awylate at 130°C for 6 hours. The conversion by GC of *-butyl aa- 
ylated was 44%. The resultant block copolymer had M„ equal to 1600 and a PDI equal to 1 .46. 

nOMPARATlVE EXAMPLE 3 

A polystyrene prepolymer with a TEMPO endgroup (2g) having M„ equal to 20.500 and PDI equal to 1.28 was 
heated with 5 mL of f-butyl aaylate and 2 mL of DMSO at 1 28''C. After 5 hours, the polymer obtained contained no acr- 
ylate as determined by NMR. 

EXAMPLE 31 

The prepolymer of Example 22 (0.5 g) was heated in 2 mL dimethyl aminoethyl acrylate at 1 SO'C for 24 hours. The 
convereion of the acrylate monomer by QC was delennined to be 37%. The polymer obtained was completely soluble 
in methanol and the molecular weight was determined by NMR to be 29.500. showing that a dean block copolynwr was 
obtained. 



EXAMPLE 32 

The block copolymer of Example 22 (7 g) was heated in styrene at 140''C for 17 hours. A tribtock copolymer (18 g) 
was obtained having M„ equal to 72,600 and PDI equal to 2.7. 

The stable free radical mediated polymerization process claimed in a number of patents results in nanow polydis- 
persity resins and linear molecular weight growth with conversion. This opens the possibility to synthesize block copol- 
ymers. The SFRP process depends uniquely on the stable free radical mediator used. The patents cfted above use 
TEMPO and TEI^PO derivatives and show examples of polymerization of styrene and styrene derivatives. However, as 
shown in the comparative Examples, these nitroxides do not enable efficient polymerization of acrytetes either as 
homopolymers or in combination with other monomers to fomi block copolymers. 

We have found, unexpectedly, that by altering the nitroxide structure to a highly hindered piperazone or morpholone 
nitroxide acrylate polymerization mediated by these stable free radicals is feasible with high efficiency. Specifically, we 
have shown improved homopolymerization of aaylates using these nitroxides. We have also shown that block copoly- 
mers can be famed in very high yields starting wfth either styrene prepolymers endcapped with the new nitroxides or 
acrylate prepolymers endcapped with the new nitroxides. Indeed, the block copolymer formation occurs in a controlled 
fashion with formation of narrow polydispersity resins. These signHicant improvements are due to the structural differ- 
ences between piperazone and morphotone nitroxides. on the one hand, and TEMPO and its derivatives, on the other. 

The invention has been described with reference to preferred and alternate embodiments. Obviously, modriications 
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and atterations wiO occur to others upon the reading and understanding of this specification. It is intended to include all 
such modifications and alterations insofar as they come within the scope of the appended daims or the equivalents 
thereof. 

5 Claims 

1 . A free radical polymerization process for the preparation of a thermoplastic resin or resins comprising the step of. 

heating from 8(f to 160''C a mixture of a free radical initiator, at least one polymerizable monomer compound, 
10 and a i^teible free radical agent comprising a nitroxylradic^ 
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20 wherein X is CH2 or C=0. Y is O or N-R, R, R,. R2, R3. and R4 are independently selected from the group con- 

sisting of aryl, alkyl having from 1 to 24 carbon atoms, cycloalkyi having from 5 to 7 cartx)n atoms, aralkyi hav- 
ing fforh 7 to Wcabo cyanoalkyi having from 2 to 12 cart)on atoms, ether having from 4 to'18 cari>on 
atonfvs. iind'hydfoxy^lkyl hav^ 1 to 18 carbon atoms: and 

Ri and Rg together, or R3 and R4 together, or each pair, may be cyclized forming a ring having from 5 to 14 
25 cartoon atdnii^ to form said thermoplastic resin or resins with a polydispersity of 1 .0 to 3.0. 

2. The process of claim 1 wherein said polymerizable monomer compound is a monoethylenically unsaturated car- 
boxylic acid-free monomer selected from the group consisting of alkyl esters of (meth)acryiic add, hydroxyalkyi 
esters of (meth)aa'ylicacid. (meth)acrylamide, (meth)acrylonitrile, vinyl acetate, and viryl and vinylidene halides. 

30 ' ■ ■ • v-"^-* ' •.: ^ :^ j-^ • ' t-. = ^^ •■ • . ..... 

3. The process of claim 2 wherein said alkyl enters of (meth)acrylic add are selected from the "group consistirig of 
methyl acrylate, ethyl acrylate. and butyl acrylato. 

4. The process of daim 2 wherein said hydroxyalkyi esters of (meth)acrylic add are selected from the group consist- 
55 ing of hydroxyethyl acrylate, hydroxypropyl acrylate. hydroxyethyl methacrylate and hydroxypropyl methacrylate. 

5. The process bf daim 1 wherein said polymerizable monomer compound is alkyl acrylate or alkyl methacrylate. 

6. The process of daim 1 wherein said polymerizable monomer compound Is styrene or styrene derivatives. 

40 

7. The process of daim 1 wherein said polymerizable monomer compound is n-butyl acrylate or acrylate derivatives. 

8. The process of daim 1 wherein said polymerizable monomer compound is f^utyl acrylate or acrylate derivatives. 

45 9. The process of daim 1 wherein said stable free radical agent s selected from the group consisting of 1-tertbutyl- 
3.3.5.5-teiramedi^1'^^^^^ Visppropyl- 
3-phenyl-3.5.5^f ihri(g^ 3,3^tetramethylehe^5;5<limethyi-1 7lsopropyl-2-pjperazlnone^OKide, 

3,3-penftanietH]^ene-5i5-dimethyl-1 -lsoprbpyl-2'plpertizinorte-oxide, 3,3-hexamethylene^5,5-dimethyl-1 -isopropyl- 
2-piperazin6heHO)cide, and bis-3.3.5,5-pentam6thylene-2.6-piperazinone-dioneK)xide. 

so 

10- The process iof dairrl 1 wherein said stable free radical agent is selected from the group consisting of 3.3,5.5- 
tetramethyl-2-rnofphblo^ 3,3-pentamethylene-5;5-dimethyl-^-morpholone-oxlde, and 3.3-hexamethylene- 

5,5-dimeiFi$1-2-rro 

55 11. The process bf daim 1 wherein said free radical agerrt is3,3-hexamethylene-5,5-dimethyl-2-!morphd 

12. The prooei^ of daim 1 wh^-eih the niolar ratto of said stable free radical agent to said free radical initiator is from 
1:1 tolbri: ^ . v . 
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1 3. The process of claim 12 wherein the molar ratio of said stable free radical agent to said free radical initiator is from 
1.3:1 to 1.7:1. 

" 14. The process of daim 1 wherein the heating of said mixture is conducted in a solvent or diluen|. 

- 15 The process of daim 14 wherein said solvent is selected from the group consisting of ethylene glycol, propylene 
glycol, diethylene glycol, glycerine, dipropylene glycol, tetrahydroluran and mixtures thereof. | 

16. The process of daim 1 wherein said free radical initiator is selected from the group consisting of peraxo compounds 
10 containing at least one O-O group. 'i 

17 The process of daim 1 wherein said free radical initiator is selected from the group consisting of hydrogen peroxide, 
f-butyl hydroperoxide, f-butyl perbenzoate, /-amyl perbenzoate, f-butyl peroctoate. f-amyl peroctoate. ditertary 
butyl peroxide, tertiary-amyl hydroperoxide, dibenzoyi peroxide, potassium persuHate. and methyl ethyl ketone per- 
15 oxide. 

18. The process of daim 1 further comprising adding an inorganic add. organic sulfonic add or organic cartxwylic add 
during heating of said mixture thereby increasing the rate of formation of said thermoplastic resin or resins from 
said polymerization of said monomer compound. 

so 

19. The process of daim 18 wherein said organic sulfonic add is camphorsulphonic add. 

20. The process of claim 19 wherein the step of adding said camphorsulphonic add is conducted as a batch or metered 
process. 

^ 21 . The process of claim 1 wherein the heating of said mixture is conducted with said mixture as a suspension in water 
or in a pdar Bquid. 

22. Theprocessof daim1 wrtiereintheheatingof saidmixtureisconducledfrom110»Cto130''C. 

30 

23 The process of claim 1 wherein said polymerizable monomer compound is selected from the group consisting.of 
styrene and derivatives thereof, conjugated dienes and derivatives thereof, acrylates and derivatives thereof, and 
mixtures thereoi : 

35 24. The process of daim 1 wherein said monomer to polymer conversion is up to 95 percent by wpight 

I 

25. The process of daim 1 further comprising the steps of: 



I 

isolating said thermoplastic resin or resins; I 
40 followed by wastiing and drying said thernwplastic resin or resins. 

26. The process of daim 1 wfherein the weight average molecular weight of the themioplastic resin or resins is from 
2,000 to 100,000. 

45 27. A free radical polymerization process for the preparation of a thermoplastic resin or resins comprising the step of: 

heating from SOoC to ISO-C a mixture of at least one pdymerizaWe monomer compound and a prefomied 
nitroxide adduct having the following formula: 

so ^R, 

O 



55 



Wherein X is CHg or C=0. Y is O or N-R. R. Ri. Rg. R3. R*. and Rs are independently seleded from the group 
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consisting of aryl. alkyl having from 1 to 24 cait)on atoms, cydoalkyi having from 5 to 7 cart)on atoms, aralkyi 
having from 7 to 20 casbon atoms, cyanoalkyt having from 2 to 12 carix)n atoms, ether having from 4 to 18 car- 
bon atoms, and hydroxyalkyi having from 1 to 18 cartwn atoms; and 

Ri and R2 together, or R3 and R4 together, or each pair, may be cyclized forming a ring having from 5 to 14 
carbon atoms to form said thermoplastic resin or resins with a polydispersity from 1 .0 to 3.0. 

2a The process of daim 27 being further deTtned as in claims 2-8. 1 9. 20 and 22-24. 

29. The process of claim 27 further comprising adding an inorganic acid, organic sulfonic acid a organic cartxaylic 
acid during heating of said mixture thereby inaeasing the rate of formation of said thermoplastic resin, or resins 
from said polymerization of said monomer compound. 

30. A free radical polymerization process for the preparation of a (meth)acrylate containing block copolymer compris- 
ing the steps.bf: 

(a) heating from 80* to 1 60*C a first mixture of a free radical initiator, a first polymerizabie monomer compound, 
and a stable fre6 radical agent obmprising a nitroxyl radical having the following formula: 




wherein X is CH2 or 0=^). Y is O or N-R. R. R^ . R2. R3. and R4 are independently selected from the group con- 
sisting of aryl. all^ having from 1 to 24 cartoon atoms, cydoalkyi having from 5 to 7 carbon atoms, aralkyi havr 
ing from 7 to 20 carbon atoms, cyanoalkyi having from 2 to 1 2 carbon atoms, ether having from 4 to 1 8 Gart}on 
atoms, and hydroxyalkyi having frorti 1 to 1 8 cartx>n atoms; and 

Ri and R2 together, or R3 and R4 togietheri or each pair, nray be cyclized forming a ring having from 5,to 
14 carboaktoms to form a pri^ly^ 

(b) heating from 80**C to 160**C a second mixture of said prepolymer and a second polymerizabie monomer 
compound, said second polymerizabie monomer compound being different than said first polymerizabie com- 
pound. 

31. The process of claim 41 wherein said first or second polymerizabie monomer compound is a monoethylenically 
unsaturated cartx)xylic acid-free monomer selected from the group consisting of alkyl esters of (meth)acrylic add, 
hydroxyalkyi esters off (meth)acrylic add, (meth)acrylamide, (me!h)aaylonitrile. vinyl acetate;: and vinyl and_ vinyfi- 
dene halldes. 

32. The process of daim 30 a 31 being further defined as in claims 3-13, 16-20. 22 and 23. 

33. A free radical polymerization process for the preparation of a (meth)acrytate containing block copolymer conipris- 
mg the steps of: 

(a) heating from SO^'C to leO^'C a first mixture of a first polymerizabie monomer compound and a prefomned 
nitroxide adduct having the following formula: 
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wherein X is CHg or C=0. Y is O or N-R. R. Ri . R2. R3. R4. and R5 are independently selected from the group 
consisting of aryl. alkyl having from 1 to 24 carton atoms, cycloalkyi having from 5 to 7 cartx)n atoms, aralkyi 
having from 7 to 20 carbon atoms, cyanoalkyi having from 2 to 1 2 cartx)n atoms, ether having from 4 to 18 car- 
bon atoms, and hydroxyalkyi having from 1 to 18 cartx)n atoms; and 

Ri and R2 together, or R3 and R4 together, or each pair, may be cyclized forming a ring having from 5 to 
14 cart)on atoms to form a prepolymer; and 

(b) heating from 80**C to 160**C a second mixture of said prepolymer and a second polymerizabie monomer 
compound, said second polymerizabie monomer compound being different than said first polymerizabie com- 
pound. 

34. The process of claim 33 wherein said first or second polymerizabie monomer compound is a monoethylenically 
unsaturated carboxylic acid-free monomer selected from the group consisting of alkyl esters of {meth)acrylic acid, 
hydroxyalkyi esters off (meth)aaylic acid, (meth)acrylamide. {meth)acrytonitrile, vinyl acetate, and vinyl and vinyli- 
dene halides. 

35. The process of daim 33 or 34 being further defined as in claims 3-8. 18-20 and 22-24. 

36. A free radical polymerization process for the preparation of a (meth)acrylate containing triblock copolymer compris- 
ing the steps of: 

(a) heating from 80*» to 160*»C a first mixture of a free radical initiator, a first polymerizabie monomer compound, 
and a stable free radical agent comprising a nitroxyl radical having the following formula: 



wherein X is CHg or C=0. Y is O or N-R. R. Ri . R2. R3. and R4 are independently selected from the group con- 
sisting of aryl. alkyl having from 1 to 24 carbon atoms, cycloalkyi having from 5 to 7 carbon atoms, aralkyi hav- 
ing from 7 to 20 carbon atoms, cyanoalkyi having from 2 to 12 carbon atoms, ether having from 4 to 18 caibon 
atoms, and hydroxyalkyi having from 1 to 18 carbon atoms; and 

Ri and R2 together, or R3 and R4 together, or each pair, may be cyclized forming a ring having from 5 to 
14 cairtjon atoms, to form a prepolymer; 

(b) heating from 80*'C to ISO^'C a second mixture of said prepolymer and a second polymerizabie monomer 
compound, said second polymerizabie monomer compound being different than sakj first polymerizabie com- 
pound, to form a Uock copolymer; and 

(c) heating from 80**C to 160*»C a third mixture of said block copolymer and a third polymerizabie compound. 

37. The process of claim 36 wherein said first, second, or third polymerizabie monomer compound is a monoethyleni- 
cally unsaturated carboxylic acid-free monomer selected from the group consisting of alkyl esters of (meth)acrylic 
acid, hydroxyalkyi esters of {meth)acrylic acid, (meth)acrylamide, {meth)acrylonitrile. vinyl acetate, and vinyl and 
vinylidene halides. 

38. The process of claim 36 or 37 being further defined as in claims 3-13. 

39. The process of claim 36. 37 or 38 wherein said first second, or third polymerizabie monomer compound is selected 
from the group consisting of styrene and derivatives thereof, conjugated dienes and derivatives thereof, acrylates 
and derivatives thereof, and mixtures thereof. 
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40. In a free racTical polymerization process tor the proration of a thermoplastic resin or resins of the type comprising 
heating from 80**G to 160**C a mixture of a free radical initiator, atiitroxidastable free radic^ agent, and at least one 
polymerizatile-monbmer compound, to form said theritioplastic resin or resins having a high monomer to polymer 
conversion and a narrow polydispersity. wherein the improvement comprises: 

\ 

5 . 

said nitroxide stable free radical agent being a nitroxide radical having the following fomiula: a . . 

Wherein X is CHg or C=0, Y is O or N-R. R, Ri, R2. R3. R4. and R5 are independently selected from the group 
consisting of aryl, alkyi having from 1 to 24 cartx)n atoms, cycloalkyl having from 5 to 7 caitoon atoms, aralkyi 
having from 7 to 20 carbon atoms, cyanoalkyi having from 2 to 12 carbon atoms, ether having from 4 to 18 car- 
bon atoms, and hydroxyalkyl having from 1 to 18 cart>on atoms; and 

20 r^-^^'-- -cr^-.:. - • • 

Ri and Rg together, or R3 and R4 together, or each pair, may be cyclized forming a ring having from 5 to 
14 carbon atoms. 

41 . The process of claim 40 fcieing further defined as in claims 9-1 1 . 

25 

42. The process of claim 40 or 41 wherein said polymerizable monomer compound is selected from the group consist- 
ing of styrene and derivatives thereof, conjugated dienes and derivatives thereof, acrylates and derivatives thereof, 
and mixtures thereof. 

30 
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